as those containing heparin from the facts that heparin and histamine are released simultaneously in the pepton shock of the dog. RILEY and WEST (1953) and RILEY (1953 a, b) observed degranulation of mast cells and simultaneous histamine discharge in the rat treated with histamine liberators.
It was also noted that there exists an apparent parallelism among the histamine, heparin and mast cell content in various tissues of the rat, ox, sheep, dog, cat and cow. RILEY and WEST (1952, 1953) further found that mast cell tumors in man are relatively rich in histamine, and, therefore, they concluded that the mast cells may contain histamine. BENDITT, ARASE and ROEPER (1956) (FUJITA and TAKAYA, 1968; TAKAYA, FUJITA and ENDO, 1967; TAKAYA, 1968 TAKAYA, , 1969 investigated by bioassay and histochemistry the mast cell histamine in fish, amphibia, reptiles and birds, and concluded that histamine may not exist in the mast cells below the level of amphibia in phylogeny. Though the chemical properties of histamine, which is a small, freely diffusible and water-soluble compound, have made its histochemical demonstration difficult, the following methods have been proposed for staining tissue histamine.
1. Prolonged immersion of tissue in Reinecke salt solution as proposed by SCHAUER and WERLE (1959) 2. Diazotized parabromoaniline staining or fluorescence microscopic observation after formaldehyde vapor-fixation as reported by LAGUNOFF, PHILLIPS and BENDITT (1961) 3. o-Phthalaldehyde stainings as reported by JUHLIN and SHELLEY (1966) , EHINGER and THUNBERG (1967) and SHELLEY, OHMAN and PARNES (1968) .
In the present study the authors intend to examine the specificity of these three techniques for demonstrating mast cell histamine using various tissues of the rat, mouse, hamster and guinea pig. Examination of histamine in mast cells is also attempted in the Triturus pyrrhogaster (Boie), whose brain has been found by the present authors to contain strange-shaped mast cells (INOUE, AKITA and SHIMAI, 1968 The following methods were applied to these materials:
used as a spread preparation.) They were stained with 0.1% toluidine blue solution (pH 2.8).
2. Reinecke salt method by SCHAUER and WERLE (1959) . a. The mesentery of the various species mentioned above was immersed for 24 hrs in Reinecke salt solution which was proposed by SCHAUER and WERLE (1959) , and then spread on a slide glass.
gland and brain were cut in a cryostat and immersed for 6 to 24hrs in the same Reinecke salt solution.
After prolonged exposure to Reinecke salt solution, the mesentery and the frozen sections were washed out sufficiently and dried. Then they were observed after mounting in glycerin or without it.
3. Formaldehyde vapor-fixation method using paraformaldehyde by LAGUNOFF, PHILLIPS and BENDITT (1961) .
thick of the tongue, kidney, liver, brain, uterus and submandibular gland were cut and treated as the mesentery.
The spreads and sections were observed by either of the following procedures. b. The kidney, liver, uterus and salivery gland of the rat, mouse, hamster and guinea pig, and brain of the Triturus were frozen in isopentane cooled by ethyl alcoholwere stained with chilled 1% o-phthalaldehyde xylol solution in a cryostat after the original method. They were also observed under a fluorescence microscope.
After histochemical examinations, all specimens were stained with 0.1% toluidine blue solution (pH 2.8) to identify the mast cells. 2. Formaldehyde vapor-fixation method using paraformaldehyde (L, AGUNOFF, PHILLIPS and BENDITT, 1961) a. Observation by fluorescence microscopy A bright yellow-green fluorescence was observed to be emitted from fine cytoplasmic granules which filled the mast cells in the dried mesentery spreads of the rat and mouse. However, no fluorescence was emitted from the mast cells in the mesentery of the hamster, guinea pig, Triturus and Rana. In frozen sections no mast cells with fluorescent cytoplasm could be found in any species, including the rat and mouse.
b. Diazotized parabromoaniline staining
The cytoplasmic granules of the mast cells were stained red-brown to yellowbrown in the dried mesentery spreads of the rat (Fig. 2 ), mouse and hamster ( Fig. 3) .
However, mast cells in the mesentery of the guinea pig, Triturus and Rana were not stained.
Red blood cells were also stained strongly red-brown. In the frozen sections the mast cells in none of the tissues were stained.
o-Phthalaldehyde
staining (JUHLIN and SHELLEY, 1966) In the fresh preparations of the mesentery and tongue of the rat (Fig. 4) , mouse (Fig. 5 ) and hamster ( Fig. 6 ), a bright yellow fluorescence was seen in the finely granulated cytoplasm of the mast cells. A bright yellow fluorescence was emitted from the circular muscle cells in the wall of the small blood vessels besides the mast cells (Fig. 4, 5, 6) . On the other hand, by application of this method to the fresh specimens of the submandibular gland of the rat, a yellow fluorescence was observed emitting from the cytoplasmic granules of the serous cells. Red blood cells and polymorphonuclear leucocytes (Fig. 6 ) fluoresced yellow to orange-yellow in the fresh preparations of the mouse and hamster.
In the fresh specimens of the kidney of the rat and hamster, glomeruli and some convoluted tubules fluoresced yellow. The mast cells in the mesentery of the guinea pig were observed to be filled with fine granules with a yellow fluorescence (Fig. 7) . However, this fluorescence was weaker than in the mast cells of the rat, mouse and hamster.
The capillaries and small blood vessels were also found displaying a bright yellow to orange-yellow fluorescence (Fig. 7) . As the connective tissue cells, e. g. polymorphonuclear leucocytes, other than the mast cells of the guinea pig showed a weak white-yellow fluorescence, occasionally there was some difficulty in identifying the mast cells under the fluorescence microscope.
The mast cells in the mesentery of the Triturus and Rana, which show a characteristic shape, were not stained with o-phthalaldehyde, while the nuclei of some other kinds of cells in the mesentery showed a bright white-yellow fluorescence.
Following the adaptation of o-phthalaldehyde staining to the frozen sections of the tongue of the rat, mouse and hamster, the mast cells of these species were observed to be filled with dark yellow fluorescent granules in the cytoplasm.
On the other hand, some epithelial cells of the convoluted tubules of the rat kidney were found to contain cytoplasmic granules with a yellow fluorescence. Besides, in the interlobular connective tissue of the submandibular gland of the rat the mast cells emitted a dark yellow fluorescence, while the cytoplasmic granules of the serous cells simultaneously showed a yellow fluorescence.
Small blood vessels and capillary walls, displaying a bright yellow fluorescence in the fresh specimens, were unstained in the frozen sections.
Though there were a lot of mast cells in the tongue, uterus and lung of the guinea pig, they showed no yellow fluorescence in the frozen sections of these tissues. Also, with this method fluorescence was not found in the cytoplasm of the mast cells in the frozen sections of the brain of the Triturus.
Experimental
study by injection of Polymyxin B in the rat and hamster a. Rat
The findings in the mesentery of the rat after the injection of Polymyxin B were as follows.
Toluidine blue staining (pH. 2.8) after Carnoy fixation revealed metachromatic granules of the mast cells discharged and scattered outside the cell body (Fig. 8) . Some of the mast cells were found to retain a few metachromatic granules in the swollen cytoplasm.
After the Reinecke salt method crystalline precipitates were observed scattered around the nucleus and presumably partly outside the cell body of the mast cell (Fig.  10) . This finding seemed to correspond to the release of the metachromatic granules.
In the fluorescence microscopy of the formaldehyde vapor-fixed materials the cytoplasmic granules of the mast cells did not show a greenish yellow fluorescence.
Diazotized parabromoaniline staining revealed no mast cells with cytoplasmic granules showing positive reaction to diazotized p-bromoaniline.
The o-phthalaldehyde staining caused no fluorescence in the mast cells of the rat injected intraperitoneally with Polymyxin B, while a bright yellow fluorescence was emitted from the mast cells of the rats which were treated only with normal saline as a control. The connective tissue cells emitted a weak yellow fluorescence and the bright yellow fluorescence of small blood vessel walls was unchanged even after the injection of Polymyxin B.
All the specimens treated with Reinecke salt, formalin vapor and o-phthalaldehyde in this experiment were stained with toluidine blue after investigation with histochemical procedures in order to confirm the mast cells. The mast cells were found to release their metachromatic granules remarkably, and some of them were conspicuously swollen with only a few metachromatic granules in the cytoplasm. However, the mast cells and the discharged granules never showed any positive response to histochemical stainings for histamine except with the Reinecke salt method.
b. Hamster
The findings in the mesentery of the hamster treated with Polymyxin B were as follows. Toluidine blue staining (pH 2.8) after Carnoy fixation showed various stages of changes in the mast cells of the mesentery, ranging from the almost normal form of the cells through a slight cell swelling and degranulation to the complete disruption and degranulation of the cells whose outline was no longer distinguishable (Fig. 9) .
With the Reinecke salt method the distribution of the crystalline precipitates in the cytoplasm of the mast cells was almost similar to that of the metachromatic granules stained with toluidine blue (Fig. 11) . After formaldehyde vapor-fixation the mast cells were unstained with diazotized parabromoaniline staining. The mast cells in the mesentery showed as a rule four types of response to ophthalaldehyde (Fig. 12, 13 ). The first type of mast cells contained bright yellow fluorescent, fine granules diffusely in the cytoplasm, and their cytoplasmic granules were too fine to be differentiated from each other. This type was not distinguishable from the normal mast cells in the control specimens.
The second type was the same in size and shape as the intact mast cell though some were swollen. However, the cytoplasmic granules of this type, emitting a bright yellow fluorescence, were coarser and distributed more sparsely than in the intact ones. The third type was demonstrated to emit a weak yellow fluorescence from the coarse cytoplasmic granules, which were scattered inside or around the swollen cells. The fourth type did not have any fluorescent granules. They were only identified as discharged metachromatic granules by the restaining of the specimens with toluidine blue (Fig. 13 ).
Besides the mast cells, a number of leucocytes distributed diffusely in the mesentery were found to be stained simultaneously yellow or orange-yellow. Connective tissue cells also emitted a white-yellow fluorescence. Small blood vessels did not reveal any change in their bright yellow to orange-yellow fluorescence after the treatment with Polymyxin B. Fig. 12 and 13 . The mast cells in the mesentery of the hamster injected with polymyxin B are stained with o-phthalaldchyde (Fig. 12 ) and the same specimen is counterstained with toluidine blue to identify the mast cells (Fig. 13) . The letters from "a" to "e" show the same mast cells respectively in both figures. These mast cells appear to be in the varying stages of releasing histamine. The mast cell "a" seems to be almost intact, and the metachromatic granules "f" do not fluoresce in Figure 12 .
Discussion PARRATT and WEST (1957a) pointed out a striking parallelism between the mast cell population and the histamine content in various tissues, and concluded that the mast cells of the rat, mouse, hamster and guinea pig contain histamine. Using these four kinds of rodents, the authors have tried to examine three types of histochemical techniques for investigating histamine. There were found variations in the manner of histochemical response in relation to the species and methods used in the examinations.
By means of the Reinecke salt method (SCHAUER and WERLE, 1959) and diazotized p-bromoaniline staining (LAGUNOFF, PHILLIPS and BENDITT, 1961 ) the mast cells in a fresh mesentery spread of the rat, mouse and hamster revealed a positive reaction. However, in the guinea pig the mast cells did not show any positive response to either method described above.
When stained with o-phthalaldehyde (JUHLIN and SHELLEY 1966) , the mast cells of the rat, mouse and hamster emitted a positive fluorescence in both the fresh specimens and the frozen sections. On the contrary, the mast cells of the guinea pig revealed a positive reaction only in the fresh specimens whereas in the frozen sections the mast cells did not fluoresce. Therefore, in the case of the guinea pig the mast cells showed positive response only to o-phthalaldehyde staining adapted to the fresh specimens.
When stained with toluidine blue, the metachromatic cytoplasm of the mast cells in the guinea pig was very finely granulated and looked somewhat homogenous, differing in appearance from the mast cells of the other rodents which were densely filled with coarse metachromatic granules. UVNAS (1958) described that the mast cells in the guinea pig did not show any response to the histamine liberator, compound 48/80. Therefore, it is considered that the manner of occurrence of the histamine components in the cytoplasm of mast cells may be different between the guinea pig and other rodents.
LAGUNOFF, PHILLIPS and BENDITT (1961) noted that the mast cells of the dog were unstained with diazotized p-bromoaniline staining as the epithelial cells of the gastrointestinal tract which contain histamine.
And they considered that the nature of the binding of histamine in the cells might vary the histochemical responses. JUHLIN and SHELLEY (1966) , using o-phthalaldehyde staining on the fresh specimens, demonstrated a fluorescence in the epithelium of the stomach which may be due to histamine. However, they further described that fluorescence was not found in cells other than the mast cells when the frozen sections were stained with the ophthalaldehyde technique.
According to our findings and the reports described above, therefore, it is thought that the histochemical reactions of histamine may be influenced by the nature of the existence of histamine in the cells as well as the amount of the histamine content.
LAGUNOFF, PHILLIPS and BENDITT (1961) described that after treatment with formaldehyde vapor the mast cells were demonstrable due to the histamine-formaldehyde condensation product, which showed a yellow-green fluorescence. However, in our experiment the mast cells fluoresced only in the rat and mouse and not in the guinea pig and hamster.
From this result it is concluded along with PADAWER (1966) that this type of fluorescence corresponds to serotonin rather than histamine. PARRATT and WEST (1957b) On the other hand, the Reinecke salt method seemed to react with some other substances than histamine because the precipitates in this reaction occurred in the manner corresponding to the release of the metachromatic substance of the granules.
Histamine in the mast cells appeared to be best demonstrated by o-phthalaldehyde staining applied to the fresh specimens, which was proposed by JUHLIN and SHELLEY (1966) . However, besides the mast cells, the red blood cells and leucocytes of the mouse, hamster and guinea pig showed a yellow fluorescence, and in the rat the serous cells of the salivary gland, glomeruli and some convoluted tubules of the kidney, small blood vessel walls, and capillaries also showed a yellow fluorescence, which sometimes closely resembled the fluorescence emitting from the mast cells. Many connective tissue cells other than the mast cells of the mouse and guinea pig showed a weaker yellow fluorescence.
Since it is unlikely that the yellow fluorescence except in the mast cells was always due to histamine, the specificity of the histochemical techniques for histamine has to be tested still more. Regarding the diazotized p-bromoaniline staining red blood cells were also stained remarkably positive presumably due to the presence of histidine, as LAGUNOFF, PHILLIPS and BENDITT (1961) described.
Taking into consideration the specificity of these histochemical responses to histamine mentioned above, the authors performed histochemical examinations of the mast cells in the brain and mesentery of the Triturus and in the mesentery of the Rana. However, the mast cells never revealed a positive reaction with any histochemical techniques. This result corresponds to the view of FUJITA and his associates (TAKAYA, FUJITA and ENDO, 1967; FUJITA and TAKAYA, 1968; TAKAYA, 1968 TAKAYA, , 1969 that the mast cells are free of histamine below the level of the amphibia. The present authors also doubt the existence of histamine in the mast cells of the Triturus pyrrhogaster (Boie) from their own histochemical results.
Summary
The specificity in the detection of tissue histamine was examined in three previously known histochemical methods: 1) prolonged immersion of tissue in Reinecke salt solution (SCHAUER and WERLE, 1959) , 2) diazotized parabromoaniline staining or fluorescence microscopy after formaldehyde vapor-fixation (LAGUNOFF, PHILLIPS and BENDITT, 1961) , 3) fluorescence microscopy after o-phthalaldehyde staining (JUHLIN and SHELLEY, 1968) . Besides the normal mast cells of the rat, mouse, hamster and guinea pig, their changes caused by a histamine liberator, Polymyxin B were observed. The occurrence of histamine in the strange-shaped mast cells in the triton brain (INOUE, AKITA and SHIMAI, 1968 ) was also examined.
1. The o-phthalaldehyde staining applied to the fresh specimens was found to be the best of the three methods examined for the demonstration of histamine in the mast cells.
2. However, as some cells other than the mast cells, e. g. the serous cells of the salivary gland, the small blood vessel walls and part of the epithelium of the convoluted tubules of the kidney of the rat, and red and white blood cells and the small blood vessels of the mouse, hamster and guinea pig, emit simultaneously a bright yellow fluorescence, the presence and non-presence of histamine should be dicided carefully by taking into consideration the species of animals examined, the histochemical procedures used and the possible variety in the manner of the binding of histamine in the cytoplasm.
3. The process of histamine release could be revealed by o-phthalaldehyde staining applied to the mast cells of the hamster which was injected with Polymyxin B.
4. Histamine was not demonstrated in the mast cells in the mesentery and brain of the Triturus pyrrhogaster (Boie) and in the mesentery of the Rana catesbiana (Shaw).
